INTRODUCTION
Breast cancer is a heterogeneous disease. Molecular subtyping based on the hormone receptor (HR) and human epidermal growth factor receptor 2 (HER2) statuses is very important to determine a treatment strategy for breast cancer. Molecular-targeted therapy has improved patient survival in the adjuvant setting. For patients with HR-positive breast cancer, use of tamoxifen for 5 years can reduce the annual recurrence rate by approximately half and the breast cancer mortality by a third [1] . Aromatase inhibitors, which are commonly used for postmenopausal patients with HR-positive disease, improve the disease-free survival in this population [2] . In combination with chemotherapy, adjuvant HER2-targeted therapy with either concomitant or sequential trastuzumab significantly improves the disease-free survival and overall survival of patients with HER2-positive breast cancer [3] [4] [5] . However, triple-negative breast cancer (TNBC) remains a challenging problem for both clinicians and investigators. TNBC, characterized by the absence of the estrogen receptor (ER), the progesterone receptor (PR), and HER2, represents approximately 10% to 20% of breast cancer cases [6] . It is associated with poor survival even in patients with stage I breast cancer [7] . Owing to the absence of targeted therapeutic agents, conventional chemotherapy remains the main treatment for TNBC.
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positive cases [8] . Nevertheless, the toxicity and high cost of chemotherapy are potential obstacles of use, for both physicians and patients. To avoid overtreatment with chemotherapy, studies to identify patients who may benefit from adjuvant chemotherapy are currently underway. Although there are promising results with gene expression profiling, these studies have not yet been shown to help select patients with nodenegative TNBC who could be good candidates for adjuvant chemotherapy [9] . In addition, there is no universally accepted standard adjuvant chemotherapy regimen for the treatment of TNBC because of a lack of reliable evidence in support of a particular regimen. The use of platinum-based chemotherapy, epidermal growth factor receptor targeted-agents, and other novel agents in the adjuvant treatment of TNBC are still under investigation [10] . Standard adjuvant chemotherapy regimens such as the classic cyclophosphamide, methotrexate, and 5-fluorouracil (CMF), anthracycline-containing, and taxane-containing regimens are currently accepted as reasonable choices in routine practice for patients with TNBC [10] . Nonetheless, controversy still exists about choosing an adjuvant chemotherapy regimen with an acceptable level of adverse toxicity for a low-risk population such as patients with relatively small node-negative tumors.
As there are currently no available evidence-based preferred regimens for TNBC, selection of chemotherapy is commonly based on pathologic parameters such as the nodal status and tumor size. According to most clinical guidelines, all patients with node-positive disease and/or tumors > 1 cm should be considered for adjuvant chemotherapy regardless of the molecular subtype [11] . Despite this recommendation, there is no universally accepted protocol to aid in the selection of adjuvant chemotherapy regimens for patients with node-negative TNBC.
The purpose of our study was to evaluate the influence of different systemic adjuvant chemotherapy regimens on the survival of patients with T1-2 node-negative TNBC enrolled from the Korean Breast Cancer Society (KBCS) nationwide database.
METHODS

Data source
Patients with newly diagnosed invasive ductal or lobular, T1-2 node-negative TNBC between January 1999 and December 2008 were identified from the KBCS database. The KBCS database has prospectively collected nationwide breast cancer data since 1996. It includes information about patient sex; age at diagnosis; cancer stage according to the sixth American Joint Committee on Cancer classification; type of surgical procedure; histologic findings; ER, PR, HER2, and other biological marker status; adjuvant treatment; and other miscellaneous data. Patient survival data were provided by the Death 
4,033 ER (-) or PR (-)/HER2 (-)
Certification of the Korean National Statistical Office and the Korean Central Cancer Registry of the Ministry of Health and Welfare [12] . One hundred fourteen institutes participate in this KBCS database project. Detailed information on the KBCS database has been provided previously [12, 13] . ER and PR status was defined as positive or negative according to the standard method of each institution. HER2 positivity was defined as a 3+ score on immunohistochemical analysis and/or gene amplification observed with fluorescence in situ hybridization. Each physician prospectively registered information regarding the ER, PR, and HER2 status in the KBCS database, according to institutional standards. This retrospective study was approved by the Institutional Review Board of the Korea Cancer Center hospital (K-1305-002-017).
Between January 1999 and December 2008, 51,739 patients with newly diagnosed invasive ductal or lobular breast cancers were registered in the KBCS database. We excluded patients with incomplete information regarding the ER, PR, and HER2 statuses; lymph node metastasis; and adjuvant chemotherapy regimens. Male patients and patients with other previous malignancies, lymph node metastasis, or who underwent treatment with adjuvant chemotherapy regimens other than CMF, anthracycline and cyclophosphamide (AC), or 5-fluorouracil, anthracycline, and cyclophosphamide (FAC) were also excluded. A score of 0-1+ on immunohistochemical analysis or a negative result after fluorescent in situ hybridization confirmed the TNBC ER-, PR-, and HER2-negative statuses. Of these patients, 4,033 patients with TNBC were included in this analysis ( Figure 1 ). The last date of follow-up for survival was December 31, 2009. The primary endpoint of this study was death caused by any reason. As the KBCS database only provides patients' survival information, analysis of disease recurrence could not be performed.
Statistical analysis
Data analysis was performed with SPSS version 14.0 (SPSS Inc., Chicago, USA). The chi-square test was used to assess differences in values between the groups. Survival rates were estimated by using the Kaplan-Meier method, and compared with the log-rank test. Multivariate analyses were performed with the linear logistic regression model and the Cox proportional hazards model. Statistical significance was accepted as p-values of < 0.05.
RESULTS
Patient characteristics
Among 51,739 patients with newly diagnosed invasive ductal or lobular breast cancer in the KBCS database, the data from 18,867 patients were available for this analysis. Of these patients, 21.4% (4,033/18,867) were classified as having T1-2N0 TNBC (Figure 1 ). The mean age at diagnosis was 48.5 ± 10.8 years (range, 21-91 years). Most of the tumors were T1 (53.6%) and had a high histological grade (grade 3; 57.0%). Lymphovascular invasion was observed in 591 patients (14.7%). Breast-conserving surgery (BCS) was performed in 57.8% of the patients (Table 1) .
Application of adjuvant chemotherapy
Overall, 3,781 patients (86.4%) were treated with adjuvant chemotherapy. AC was the most commonly administered chemotherapy regimen with 1,419 patients (35.2%) receiving this treatment. CMF was administered to 1,190 patients (29.5%). FAC was used as an adjuvant treatment for 875 pa- Table 2) . The AC and FAC regimens were more commonly used for patients with high-risk characteristics such as younger age, larger tumor size, higher histologic grade tumors, and the presence of lymphovascular invasion. In contrast, the CMF regimen was more frequently used in patients aged > 50 years, and in patients with smaller tumors (T1), lower histologic grade tumors, and no lymphovascular invasion (Table 3) .
Overall survival
After a median follow-up of 52.5 months, there were 150 deaths, including 11 unrelated deaths, 69 breast cancer-related deaths, and 70 deaths due to unknown reasons. Of the 11 unrelated deaths, heart problems were the cause of death in only one patient; the patient was 65 years at diagnosis, was not treated with adjuvant chemotherapy, and died 6 years after the operation. The 5-year overall survival rate was 95.4% ( Figure  2 ). Age > 50 years, mastectomy, and no adjuvant chemotherapy were associated with a significantly increased risk of death on univariate analysis (Table 4 ). Compared to the T1 stage, T2 showed a greater risk of death but this result did not reach statistical significance (p= 0.058). Compared to no adjuvant chemotherapy, adjuvant chemotherapy with any regimen had a beneficial effect on overall survival ( Table 4 ). The beneficial effect of adjuvant chemotherapy was retained after adjustment for age, T stage, and surgical procedures (Table 5) p= 0.016) in the CMF group. There was no significant difference in patient survival rates between the chemotherapy regimens employed (AC vs. FAC, p = 0.907; AC vs. CMF, p = 0.589; FAC vs. CMF, p = 0.654) (Table 6, Figure 3) . The multivariate analysis of overall survival in patients treated with adjuvant chemotherapy showed no difference in the survival benefit between the adjuvant chemotherapy regimens (Table 7) .
DISCUSSION
In our study, adjuvant chemotherapy was administered to 86.4% of patients with T1-2N0 TNBC in South Korea, and it significantly improved the overall survival in this retrospective cohort. No difference in patient survival was observed between the various adjuvant chemotherapy regimens used. An advantage of this study is that it only included patients with node-negative TNBC from a large nationwide cohort. There are only a few studies examining adjuvant chemotherapy for node-negative breast cancer because this group has a better prognosis. In addition, most of these studies have focused on patients with ER-negative breast cancer, resulting in study cohorts with a mixture of ER-/HER2+ and TNBC patients. In this era of HER2-targeted therapy, the inclusion of a HER2 overexpression group in this analysis could cause confusion about the effects of chemotherapy on survival.
According to our analysis, the use of adjuvant chemotherapy was associated with an improved overall survival rate, which is in agreement with a previous large retrospective analysis [14] . The International Breast Cancer Study Group conducted a retrospective study to evaluate the efficacy of CMF for each molecular subtype in patients with node negative disease enrolled in two randomized clinical trials [14] . A significant reduction in the hazard ratio for chemotherapy versus no chemotherapy was observed for the TNBC subtype (hazard ratio, 0.46; 95% CI, 0.29-0.73) [14] .
The efficacy of CMF, AC, and FAC was similar in our study. This result corresponds with the findings of the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-23, which was designed to determine whether AC was comparable or superior to CMF when used to treat patients with nodenegative ER-negative breast cancer. They demonstrated no statistically significant differences in the outcomes of ACtreated patients and CMF-treated patients during 8 years of follow-up [15, 16] . A retrospective study analyzed the responsiveness of different breast cancer subtypes to specific chemotherapy regimens in the MA5 adjuvant trial [17] . There were no significant differences in the disease-free survival (hazard ratio, 1.1; 95% CI, 0.6-2.1) and overall survival (hazard ratio, 1.3; 95% CI, 0.7-2.5) between cyclophosphamide-epirubicin-5-fluorouracil and CMF in basal-like tumors. Together with the findings of our study, these results suggest that any of these regimens (CMF, AC, or FAC) is a reasonable therapeutic choice in terms of efficacy.
When there is no difference in the efficacy between different treatments, drug-related toxicities should be considered when selecting the optimal treatment regimen. The classic CMF regimen has been a standard treatment for a long time, and the safety of this regimen is well known [18, 19] . Comparisons of drug compliance and toxicity between doxorubicincyclophosphamide and CMF were performed in the NSABP B-23 study. The toxicity of four courses of AC therapy was similar to that of classic CMF [16] . In contrast, FAC treatment significantly induced more episodes of emesis, mucositis, alo- pecia, and cardiotoxicity compared with CMF [20, 21] . Extending the AC chemotherapy regimen from four to six cycles increased toxicity, including cardiotoxicity, without survival improvement [22] . As the results of our study showed that the efficacy of FAC was not different from either that of AC or CMF, these latter treatments with less adverse toxicity may be considered a better choice for the low-risk group of patients in our study, and particularly for older patients.
Cardiotoxicity is an important issue when studies of adjuvant anthracycline-containing chemotherapy are conducted. Anthracycline-induced cardiotoxicity could not be assessed in our study because 46.7% of deaths were caused by unknown reasons. Only one death was known to result from a heart-related problem.
Although many drugs such as platinum-based drugs, taxanes, bevacizumab, epidermal growth factor receptor-targeted agents, and poly adenosine diphosphate ribose polymerase inhibitors are being investigated as potential therapeutic agents for TNBC, there is no generally accepted adjuvant regimen for TNBC [10] . Most clinical trials to test these novel agents are conducted in high-risk patients; therefore, it would take a long time to consider the results and adapt these drugs to adjuvant regimens that could be used in routine clinical practice for low-risk patients. Until then, physicians and patients have to choose one of the conventional chemotherapies.
This study has some limitations. Firstly, regimens using taxanes were excluded from the analysis. In Korea, the use of taxanes in the adjuvant setting for node-negative breast cancer is not supported by the National Health Insurance Service. Only 78 patients with T1-2 node-negative TNBC received adjuvant treatment with AC followed by taxane or anthracycline-taxane. There are limited data on the adjuvant use of taxanes in patients with node-negative breast cancer, which remains controversial [22] [23] [24] [25] . Therefore, we excluded these patients as well as a small number treated with different regimens containing agents less frequently used in this population, such as oral 5-fluorouracil, vinorelbine, capecitabine, and gemcitabine. Secondly, TNBC was classified by data that was collected at each institute since 1999. The KBCS database recommends the results of ER, PR, or HER2 examinations should be classified according to each institute's guideline and has no specific pathological validation program. Therefore, we assume that part of data would not match with the American Society of Clinical Oncology/College of American Pathologists guideline for HER2, which was written in 2007. In addition, the exact dose, cycles, and routes of administration of adjuvant chemotherapy were not provided by the KBCS database. We analyzed the survival data based on only the chemotherapy regimen. Lastly, patients with T1a/b tumors were included in the analysis, and the merit of adjuvant chemotherapy in these patients is debatable. Administration of adjuvant chemotherapy was not associated with a significantly higher recurrence rate in T1a/bN0 HER2-positive breast cancer or TNBC [26] [27] [28] . We incorporated this group of patients because the KBCS database has only limited data on T stage subclassifications, even though the inclusion of this population might dilute the results of the analysis.
In conclusion, currently used standard adjuvant chemotherapy regimens improved the overall survival in patients with T1/2 node-negative TNBC. There was no significant difference in the survival of patients administered CMF, AC, or FAC regimens. In the future, randomized prospective studies should lead to the development of new adjuvant treatment modalities for low-risk patients with TNBC. Currently, the selection of standard chemotherapy regimens with fewer drugrelated adverse toxicities may be the most reasonable choice.
